l Introduction
Asymmetric double quantum wells (a-DQWs) are ideal structures for studying electron, hole or exciton transfer between adjacent wells. In particular the study of a-DQWs of CdTe/Cdl-,Mn,Te has the further advantage of allowing significant tuning of the band edges by application of a magnetic field. The present work describes magneto-optical results on a series of a-DQWs. All of the structures had a single CdTe well and a wider Cdl-,Mn,Te well separated by a Cdl-,Mn,Te barrier with the concentration X > y. The outer barriers of the structure were of the same Mn concentration as the middle barrier. The samples were grown on (100) InSb substrates at a substrate temperature 235'C at a growth rate of about 1 pmlhr. A CdTe buffer layer 1 pm thick was grown before the a-DQW structure. The band structure (and one-particle wave functions) corresponding to sample M413 (see below) is shown in Figure 1 . For this particular structure the electron wave function (El) is delocalized over 
Experimental Results and Discussion
Four different a-DQWs have been investigated, each with different central barrier widths. Three were grown with low X-values, one with a higher value. Details of the structures are given in Table 1 . The well widths were determined from DCXRD measurements whilst the X-values were found from optical data relating band gap to Mn concentration [l] . Table 1 : Structures of a-DQWs
The PL of sample M413, shown in Figure 2 , consists of two overlapping emission bands attributed to free-and donor-bound excitons respectively. It is important to note that at all values of the magnetic field only one emission band is observed, which shows that rapid relaxation between the hole states occurs on a time scale that is appreciably shorter than the exciton recombination time. From Figure 3 it can be seen that the lower energy 5+ component of the ( e h )~ transition occurs below the (eh)N transition above a field of 1.4T. This is consistent with an anticrossing of the hole states (HH1 and HH2, Figure 1) as predicted by the theoretical calculations. However, since the line widths of these transitions (x 6 meV) are greater than the calculated energy difference between the hole states (1.2 meV), the anticrossing nature of these states cannot be confirmed experimentally. As a result of this predicted anticrossing the hole state originally located in the narrow well (HN) becomes located in the magnetic well (Hw) and vice versa, as depicted in Figure 4 . This is accompanied by a broadening of the PL line and a corresponding increase in the Stokes' shift resulting in part from alloy fluctuations in the magnetic well. The excitonic transition energies were calculated using techniques we have previously described [3, 4] . One interesting feature of these calculations, shown in Figure 5 , concerns the variation in the exciton binding energies resulting from the anticrossing of the hole states. Using these calculated binding energies, good overall agreement between the calculated (eh)N and (eh)w transition energies and those observed experimentally is obtained for values of the valence band offset in the range 0.35 to 0.45 for the magnetic variation of the (eh)N and (eh)w states shown in Figure 3 , serving to confirm, in agreement with other workers, e.g. Wasiela et al. [5] , that a significant fraction of the band offset occurs in the valence band. Finally we mention briefly the other a-DQW samples listed in Table 1 . The structure M458 is similar to that of M413, except that the central barrier is wider but lower. Again, as with M413, emission is only observed from the narrower well at zero field (indicating efficient hole transfer between the two wells). However, unlike M413, an additional weak emission from the wider well is observed in a magnetic field greater than 6T, consistent with a smaller energy difference in the two excitonic states in M458 compared with M413 at the higher field values.
In samples M445 and M455 the central barrier provides more isolation between the two wells, leaving them essentially uncoupled and thus reducing the relaxation rates of electrons and holes between them. Consequently photoluminescence emission is observed from both wells as can be seen in Figure 6 . Finally we note that in these structures, where the electrons and holes are localized in each well, the possibility exists of exciton emission involving recombination of an electron in one well with a hole in the adjacent well, as has recently been observed by Lawrence et al. [6] . However in our structures no clear evidence for such an indirect excitonic transition has been found.
Conclusions
Magneto-optical data on different a-DQWs are consistent with relaxation of holes between the wells, which becomes progressively reduced in samples with wider central barriers. The magnetic field at which anticrossing of the heavy hole states occurs in one of the samples with a narrow central barrier is consistent with a valence band offset of between 0.35 and 0.45.
